Plasma levels of high mobility group box chromosomal protein-1 (HMGB-1), as well as of other inflammatory molecules such as interleukin-6 (IL-6), regulated on activation normal T-cell expressed and secreted (RANTES), and soluble intercellular adhesion molecule-1 (sICAM-1), were determined in patients with bacterial pneumonia co-infected with influenza virus. HMGB-1 levels were significantly elevated in these patients, as compared to patients undergoing mild bacterial pneumonia alone (p<0.01). Among cases of co-infection, we found a significant correlation between the concentration of HMGB-1 and white blood cell counts (p<0.05, r=0.612). Levels of IL-6 were also higher in these patients than in patients with bacterial pneumonia alone (p<0.05), despite similar levels of RANTES and sICAM-1 in the two groups. These data suggest that HMGB-1 is involved in the pathogenesis of severe bacterial pneumonia co-infected with influenza virus.
INTRODUCTION
Influenza virus infection is a major respiratory infectious disease that generally induces bronchitis, although it can occasionally lead to fatal pneumonia in the elderly when complications involve bacterial infections [1] . Secondary/mixed bacterial pneumonia has been reported as a severe complication related to influenza virus infection, suggesting its etiological importance in the morbidity and mortality of elderly patients [1, 2] .
We have already reported the case of a patient with severe bacterial pneumonia co-infected with influenza virus [3] and demonstrated the increased severity of bacterial pneumonia due to influenza virus co-infection in patients [4] . Moreover, we have previously shown the fulminant pathological changes observed in the lungs of mice inoculated with S pneumoniae 2 days after influenza virus co-infection, including the kinetics of viral titers, bacterial numbers, and immune responses such as the release of cytokines and chemokines.
We showed that certain critical immune mediators, such as Toll-like receptor (TLR)/mitogen-activated protein kinase (MAPK) signaling, cyclooxygenase (COX) expression, and prostaglandin E2 (PGE2) production, were increased [5] . Furthermore, in mice, chronic P. aeruginosa infection is exacerbated by influenza virus, and decreased neutrophil function due to viral infection may induce fulminant pneumococcal pneumonia in such mice [6] [7] [8] . These data suggested that synergistic effects of co-infection with influenza virus and bacteria mediated through immune reactions were involved in the pathogenesis of severe pneumonia.
High mobility group box chromosomal protein-1 (HMGB-1) has been reported as a critical inflammatory marker with an important etiological role in severe infectious diseases, especially in sepsis, but has not been studied in severe pneumonia related to influenza [9, 10].
We measured the levels of HMGB-1 and other immunological mediators, including interleukin-6 (IL-6), regulated on activation normal T-cell expressed and secreted (RANTES), and soluble intercellular adhesion molecule-1 (sICAM-1), in patients diagnosed with bacterial pneumonia co-infected with influenza virus and compared the levels with white blood cell (WBC) counts and C-reactive protein (CRP) levels, used as common markers of pneumonia severity.
MATERIALS and METHODS

Patients and diagnostic criteria
Twelve consecutive patients who attended our hospital between December 2004 and April 2005 were given a diagnosis of concurrent influenza virus infection and bacterial pneumonia on admission. Influenza virus infection was confirmed in nasopharyngeal swab samples using a rapid antigen detection kit (Espline Influenza A&B-N; Fujirebio, Tokyo, Japan). We performed cell culture and/or RT-PCR (Influenza Virus Primer Set kit; Maxim Biotech Inc., San Francisco, CA, USA) from patients` sputum and confirmed whether the influenza virus was present. We also made clinico-epidemiological suppositions.
These patients also had fever, cough, and yellow sputum and their chest X-rays revealed pulmonary infiltration. Specific bacteria, including S. pneumoniae, H. influenzae, S milleri, S. aureus, and M. catarrhalis were isolated from their sputum. Patients # 2, 7, 8, 10, 11, and 12 (Table 1) were hospitalized and their blood samples were collected at admission.
Other patients were treated as outpatients and their blood samples were collected at the first visit.
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Patients were given a diagnosis of bacterial pneumonia alone (n=18) when nasopharyngeal swabs were negative for influenza virus antigen and/or cell culture and RT-PCR from sputum were negative for influenza virus, even though they had a cough and yellow sputum accompanied by infiltration shadows on the chest X-ray.
Pneumonia was diagnosed as the presence of symptoms of lower respiratory tract infection along with a new infiltrate on the chest X-ray and no emerging alternative diagnosis [11] . Chest X-ray findings were reviewed and blindly assessed by three physicians who then determined the level of infiltration.
All patients provided informed consent to participate in the study and the study protocol was approved by the ethics committee of Nagasaki University.
Measurement of immune mediators
Serum concentrations of IL-6, RANTES, and sICAM-1 were measured using enzyme-linked immunosorbent assay kits (Quantikine; R&D Systems, Minneapolis, MN).
Serum samples were diluted 1: 10 for RANTES and sICAM-1 before each assay, except for IL-6, which was measured in undiluted samples. HMGB-1 was also examined by ELISA (Shino-test; Sagamihara, Kanagawa, Japan) as previously described [12, 13] .
Data collection and statistical analysis
Clinical data were statistically analyzed with the Mann-Whitney U-rank test, a nonparametric statistical test. Where necessary, the results were further corrected using Bonferroni's method. Spearman's rank correlation was used to examine the relationship among various parameters. All data are expressed as the mean value ± S.D. and were analyzed using StatView® software (Abacus Concepts, Cary, NC, USA). A p -value below 0.05 was considered to be a statistically significant. Table 1 shows the baseline characteristics of the 12 patients (5 male and 7 female) with both bacterial pneumonia and influenza. Their mean age (51.0±21.9 years) did not differ substantially from that of the group with bacterial pneumonia alone (58.3±23.3 years). H. influenzae was isolated from six of the 12 patients, S. pneumoniae from three, S. aureus from two, and P. aeruginosa was isolated from one patient. In the group of patients with bacterial pneumonia alone, S. pneumoniae was isolated from 6 patients, H. influenzae from 7, and M.
RESULTS
Patient characteristics
catarrhalis from 5 patients (data not shown).
Only co-infected patients showed complications, including chronic lung disease [tuberculosis (n=4), COPD (n=3)], chronic heart failure (n=2), and kidney stones (n=1). In contrast to co-infected patients, only 3 of 18 patients with bacterial pneumonia without influenza had chronic lung disease (p<0.05, data not shown).
Fever was the most common symptom in co-infected patients; however, temperature was at a similar level (37.6±0.8°C vs. 37.1±0.4°C) in the two groups. Heart rate (73.1±13.7/min vs. 67.3±17.9/min) and respiratory rate (20.5±3.0/min vs 18.7±6.1/min) were also similar. In chest X-rays, severe infiltrations (>2/3 in both lung fields) were found in Patient #7 and moderate shadows were found in Patients #2 and #10. Other patients had mild infiltration shadows on chest X-rays (data not shown).
Compared with levels in patients with bacterial pneumonia alone, co-infected patients had increased levels of WBC (8252.5±2308.6/mm 3 vs. 6733.3±1752.9/mm 3 ; p<0.05) and
Concentrations of IL-6, RANTES, s ICAM-1, and HMGB-1 in serum
Compared with levels in patients with bacterial pneumonia alone, co-infected patients had significantly higher levels of IL-6 (30.9±11.3 pg/ml vs. 59.4±46.4 pg/ml; p<0.05, Table 2 ). RANTES and sICAM-1 levels did not differ significantly between the two groups.
However, HMGB-1 was significantly higher in sera from co-infected patients than in the sera from patients with bacterial pneumonia alone (45.7±17.0 ng/ml vs. 14.8±4.3 ng/ml; p<0.01, Fig. 1A ).
Correlation between HMGB-1 and WBC count
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In co-infected patients, we examined the relationships between the serum concentration of HMGB-1 and the inflammatory markers WBC, CRP, and IL-6. There was no significant correlation between CRP or IL-6 and the levels of HMGB-1. However, a significant correlation was found between the WBC count and the concentration of HMGB-1 (r=0.612; p<0.05, Fig. 1B ). Co-infected mice died significantly earlier than mice infected with one type of organism, due to severe fulminant lung damage rather than septic changes. The mechanisms by which the patients' conditions become more severe as a result of synergy between the influenza virus and bacteria are mediated through hyperimmune reactions. Bacterial numbers, but not viral titres, were increased [5]; however, viral infection may be more critical because former viral infection injures lung epithelial cells and accelerates the latter bacterial proliferation. In addition, it was reported that antiviral drugs are more effective than antibiotics for preventing secondary bacterial pneumonia after influenza virus infection in mice [17] .
In this study, we analyzed several immune mediator molecules in sera from patients with bacterial pneumonia and influenza and compared them with levels found in sera from patients with bacterial pneumonia alone. Clinical findings and laboratory data of the patients in this study were not especially high, perhaps due to the characteristics of influenza type B, which is more mild than type A [1, 2] and was dominant in that season epidemically.
However, we found significant differences in WBC counts and CRP levels (normal range <0.3 mg/dL) between the groups.
Levels of HMGB-1 and IL-6, especially HMGB-1, were significantly higher in patients with bacterial pneumonia co-infected with influenza virus. HMGB-1 might be involved in the pathogenesis of co-infection. HMGB-1 has recently been reported to be an important late mediator of endotoxic shock, intra-abdominal sepsis, and acute lung injury, and a promising therapeutic target of severe sepsis [12]. Wang et al. found that HMGB1 activated the inflammatory response upon release into the extracellular milieu from necrotic cells and activated macrophages in patients with accompanying organ failure [18] . We examined WBC differential cell counts, including neutrophils; however, we did not find a significant relationship between HMGB-1 levels and neutrophil numbers (data not shown).
HMGB-1 may be related to an increase in the recruitment of both neutrophils and monocytes.
It has also been reported that HMGB-1 may mediate various cellular responses, including attachment to Toll-like receptors (TLRs), chemotactic cell movement, and release of proinflammatory cytokines (TNF-, IL-1 , IL-1 , IL-6, and macrophage inflammatory protein) [12, [18] [19] [20] [21] . The presence of an active release mechanism and receptor/signalling system for HMGB1 suggests the physiological significance of this biomolecule.
Our results are in line with a recent report indicating that circulating HMGB-1 concentrations were elevated in both uncomplicated pneumonia and pneumonia with severe sepsis, and much higher in nonsurvivors [22] . These and the present results support the importance of HMGB-1 in the progression of severe lung damage due to viral and bacterial synergic effects and suggest a potential role as a predictor of severe pneumonia.
We followed some patients and examined the time course of their serum levels of HMGB-1. Unfortunately, we did not find significant relationships between HMGB-1 and any clinical findings, including body temperature, heart rate, respiratory rate, WBC count, and CRP level (data not shown). However, we found a decrease in HMGB-1 consistent with improvement of pneumonia.
Although the relationship between serum levels of HMGB-1 and the bacterial and/or viral loads is critical, we could not examine bacterial and viral loads in blood and lung samples. Our previous study [5] suggested that viral titres were not increased, but bacteria were prolific in lungs of mice with secondary bacterial pneumonia. Therefore, bacterial numbers may be correlated with serum levels of HMGB-1. We will next try to measure the HMGB-1 levels in our mice model [5] using an ELISA system for mice.
In conclusion, we studied immunological mediator molecules, including HMGB-1, 
